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EFFECT OF WING PIVOT LOCATION ON LONGITUDINAL AERODYNAMIC 

CHARACTERISTICS OF A VARIABLE-SWEEP WING 

HAVING AN M PLANFO€Uvl* 

By W i l l i a m  P. Henderson and Edward J. Ray 
Langley Research Center 

SUMMARY 

An inves t iga t ion  w a s  made i n  the  Langley high-speed 7- by 10-foot tunnel 
t o  determine t h e  e f f e c t  of wing pivot  location on the  longi tudinal  aerodynamic 
c h a r a c t e r i s t i c s  of a variable-sweep wing having an M planform. The invest iga-  
t i o n  w a s  made with and without horizontal  t a i l s  and with and without engine 
packs. The e f f e c t s  of wing leading-edge chord extension a r e  a l s o  included. 
Invest igat ions were made a t  a Mach number of 0.40, a t  angles of a t t a c k  from - 3 O  
t o  2 2 O ,  and f o r  a Reynolds number per foot  of 2.52 X 106. 

The r e s u l t s  ind ica te  t h a t  moving the  pivot outboard causes the  unstable 
break i n  t h e  pitching-moment v a r i a t i o n  with l i f t  coef f ic ien t  t o  occur a t  lower 
values of l i f t  coeff ic ient  and generally t o  be more severe. However, the  more 
outboard t h e  pivot  locat ion,  t h e  more favorable i s  t h e  var ia t ion  i n  t h e  longi- 
t u d i n a l  s t a b i l i t y  l e v e l  with wing sweep. 

The v a r i a t i o n  of the  longi tudinal  s t a b i l i t y  parameter with wing leading- 
edge sweep angle w a s  accurately predicted by d i s c r e t e  vortex theory. 
t h e  l i f t - c u r v e  slope w a s  s l i g h t l y  h i  
pos i t ions  and pivot  locat ions.  

However, 
e r  than estimated f o r  a l l  wing- 4, 

INTROIUCTION 

The National Aeronautics and Space Administration has invest igated a number 
of configurat ions i n  t h e  study of t h e  longitudinal s t a b i l i t y  c h a r a c t e r i s t i c s  of 
variable-sweep wings. Examples of some of these various configurations are 
presented i n  references 1 t o  3. 
sweep wings a r e  t h e  var ia t ions  of aerodynamic center with wing-sweep angle and 
t h e  v a r i a t i o n  of pi tching moment with l i f t  coef f ic ien t .  A s  reported i n  r e f e r -  
ence 4 t h e  v a r i a t i o n  i n  aerodynamic center  with wing sweep f o r  arrow-type wings 
can be cont ro l led  by t h e  locat ion of the  wing pivot  point .  
i n  reference 4 t h a t  f o r  arrow-type wings a pivot loca t ion  t h a t  minimizes t h e  
aerodynamic-center v a r i a t i o n  is generally accompanied by var ia t ion  of pi tching 

Two major problems associated with var iable-  

It w a s  a l s o  shown 

* 
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moment w i t h  l i f t  coe f f i c i en t  t h a t  becomes less s t ab le  above moderate l i f t  coef- - 
f i c i e n t s  because of t he  high upwash angu la r i t i e s  induced on t h e  outer  wing panel 
by t h e  inboard f ixed  wing panel. 
t a i l s  can be located i n  a low pos i t ion  r e l a t i v e  t o  t h e  wing-chord plane t h e  lon- 
g i tud ina l  s t a b i l i t y  decrease a t  moderate l i f t  coef f ic ien ts  can be eliminated. 
For configurations on which, f o r  p r a c t i c a l  reasons such as engine e f f lux  e f f ec t s ,  
the  t a i l  cannot be located below t h e  wing-chord plane, other  means must be found 
f o r  eliminating o r  decreasing t h e  longi tudina l  i n s t a b i l i t y .  Previous inves t iga-  
t i o n s  ( r e f s .  5 and 6)  have ind ica ted  t h a t  t h e  pitch-up problem associated with 
arrow wings can be minimized by t h e  use of M planform wings. I n  an attempt t o  
combine the des i rab le  cha rac t e r i s t i c s  of t h e  variable-sweep concept with t h e  
des i rab le  p i tch  cha rac t e r i s t i c s  of t h e  M planforms, an inves t iga t ion  w a s  con- 
ducted on three s e r i e s  of wings simulating variable-sweep M planforms with var- 
ious pivot  loca t ions .  Therefore, t he  purpose of t h i s  paper i s  t o  present  t he  
longl tudinal  s t a b i l i t y  cha rac t e r i s t i c s  of these  s e r i e s  of M planform wings which 
incorporate variable-sweep outboard panels. 

For configurations on which the  hor izonta l  

I n  each of these series the  wing i n  t h e  highly sweptback pos i t ion  w a s  iden- 
t i c a l .  Each s e r i e s  of wings employed a d i f f e r e n t  simulated wing p ivot  loca t ion  
which resu l ted  i n  d i f f e r e n t  wing planforms a t  the  lower wing-sweep angles.  The 
wing pivots were located a t  60, 45, and 30 percent of t he  sweptback wing semi- 
span. Wing-sweep angles of l 5 O ,  30°, and 720 were inves t iga ted  f o r  each pivot  
locat ion.  
t ud ina l  s t a b i l i t y  t rends,  these  wings employed f l a t - p l a t e  a i r f o i l  sec t ions  with 
rounded leading edges and blunt  t r a i l i n g  edges t o  minimize model f ab r i ca t ion  
t i m e .  

Inasmuch as t h e  inves t iga t ion  w a s  pr imari ly  concerned with the  longi- 

The inves t iga t ion  w a s  made with and without hor izonta l  t a i l s  on t h e  con- 
f igura t ions .  The e f f e c t  of wing leading-edge chord extensions and engine packs 
i s  a l s o  included. Estimates, computed by using d i sc re t e  vortex theory,  of t he  
va r i a t ion  o f  t h e  l i f t - cu rve  slope and t h e  longi tudina l  s t a b i l i t y  parameter with 
wing leading-edge sweep angle were made f o r  these  th ree  s e r i e s  of wings. A 
comparison of these computations with experiment i s  presented herein.  This 
invest igat ion was conducted i n  t h e  Langley high-speed 7- by 10-foot tunnel  a t  a 
Mach number of 0.40 and f o r  a Reynolds number pe r  foot  of 2.52 x 106. 
angle-of-attack range var ied  from - 3 O  t o  22'. 

The 

COEFFICIENTS AND SYMBOLS 

The forces and moments measured on t h i s  configuration are presented about 
t h e  wind axis  system. A l l  coe f f i c i en t s  a r e  nondimensionalized with respec t  t o  
the  geometric cha rac t e r i s t i c s  assoc ia ted  with t h e  maximum sweep pos i t i on  of 7 2 O .  
The moment reference points  f o r  each wing p ivot  l oca t ion  are shown i n  f igu re  1. 

b wing span, f t  

C D  

2 

Drag drag coe f f i c i en t ,  - 
qs 



L i f t  l i f t  coef f ic ien t ,  - 
qs 

l i f t - c u r v e  slope measured between *lo angle of a t tack ,  per  deg 

nondimensional span-loading coeff ic ient  

Pitching moment pitching-moment coef f ic ien t ,  
qSE 

longi tudinal  s t a b i l i t y  parameter measured between 50.1 l i f t  
coef f ic ien t  

mean aerodynamic chord, 1.133 f t  

average wing chord, f t  

dynamic pressure,  lb/sq f t  

wing reference area, 1.727 sq f t  

dis tance t o  simulated wing p ivot  from plane-of-symmetry l i n e ,  f t  

dis tance measured along wing span from plane-of-symmetry l i n e ,  f t  

angle of a t tack ,  deg 

leading-edge sweep angle of the  movable panel, deg 

MODELS 

Seven wings of 3/16-inch f l a t  p l a t e s  and representing various leading-edge 
sweep angles and wing pivot  locat ions were constructed and arranged i n  three  
s e r i e s  as shown i n  f igures  l ( a ) ,  l ( b ) ,  a n d l ( c ) .  
same f o r  each series. 
leading-edge break located a t  33 percent of t h e  wing semispan. 
pivot  l o c a t i o n  w a s  simulated by each s e r i e s  of wings. 

The 72' sweptback wing w a s  the  
This highly sweptback wing had an M planform, with t h e  

A d i f f e r e n t  

These simulated pivots  were located a t  60, 45, and 30 percent of t h e  wing 
semispan and a t  60 percent of the streamwise chord of the  sweptback wing as 
shown i n  f i g u r e s  l ( a ) >  1 ( B ) ,  and l ( c ) ,  respectively.  
f l a t  p l a t e s  with rounded leading edges and blunt  t r a i l i n g  edges. 
made t o  fa i r  t h e  wings i n t o  t h e  f'uselage and therefore  the  drag c h a r a c t e r i s t i c s  
should be used with caution. 

These wings were 3/16-inch 
No attempt w a s  
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The hor izonta l  t a i l s  were l/8-inch f l a t  p l a t e s  with rounded leading edges 
and blunt  t r a i l i n g  edges and were capable of being mounted on t h e  v e r t i c a l  ta i ls  
i n  two pos i t ions  a s  shown i n  figure l ( b )  . 

The engine packs u t i l i z e d  on t h i s  configuration simulated packs housing 
two engines each and were mounted beneath t h e  wing as shown i n  f igu re  l ( c ) .  
drawing of t he  engine packs i s  shown i n  f igu re  l ( d ) .  

A 

The wing leading-edge chord extension u t i l i z e d  on one of these  configura- 

0.65 t o  - - - 0.92 ( f i g .  l ( b ) )  and had a chord Y t i o n s  extended from - = 
b/2 b/2 

equal t o  30 percent o f  t he  l o c a l  wing chord. 
down 30° with respect  t o  the  wing-chord plane.  

This chord extension w a s  def lec ted  

TESTS AND COFBEETIONS 

The inves t iga t ion  was made i n  t h e  Langley high-speed 7- by 10-foot tunnel 
a t  a Mach number of 0.40 which corresponds t o  a dynamic pressure of about 
213 pounds per square foot  and a Reynolds number per  foot  of 2.52 x 106. 

L i f t ,  drag, and p i tch ing  moment were measured through an angle-of-attack 
The angle of a t t a c k  was corrected f o r  def lec t ion  of t h e  range of -3O t o  22O. 

s t i n g  support system under load. 
t h e  e f f e c t s  of base pressure ac t ing  on the  fuselage and nace l les  nor f o r  t h e  
i n t e r n a l  drag of t h e  nacel les .  
t i o n  s t r i p s  on the  model. 
g ib le  f o r  t h e  open-slot configuration of t h e  tunnel .  

The drag data have been corrected ne i ther  f o r  

These t e s t s  were made without a r t i f i c i a l  t r a n s i -  
The jet-boundary and blockage correct ions a r e  negl i -  

The moment reference point  (shown i n  f i g .  1) was chosen such t h a t  t h e  1 5 O  
sweptback wing f o r  each pivot  loca t ion  w a s  s t a b l e  a t  0.05E with t h e  hor izonta l  
t a i l s  o f f .  

PFESENTATION OF DATA 

The data  are presented i n  t h e  following f igures :  

Figure 

Effec t  of wing leading-edge sweep angle on longi tudina l  aerody- 
namic cha rac t e r i s t i c s  of configurat ion with 
and engine packs o f f .  

= 0 . 6 0 .  . . . . . . . . . . .  
hor izonta l  t a i l s  

. . . . . . . . . . . . .  2 

. . . . . . . . . . . . .  3 
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Effec t  of pivot  on var ia t ion  of longi tudinal  s t a b i l i t y  param- 
e t e r  with wing sweep angle for configuration with hor- 
i z o n t a l t a i l s  . . . . . . . . . . . . . . . . .  

Effec t  of p ivot  loca t ion  on pitching-moment va r i a t ion  with l i f t  coef- 
f i c i e n t  f o r  configuration with horizontal  t a i l s  and engine packs o f f .  
(Transferred t o  same s t a b i l i t y  l e v e l  through zero l i f t  
coe f f i c i e n t  ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Effec t  of wing leading-edge sweep angle on longi tudina l  aerodynamic 
cha rac t e r i s t i c s  of configuration with horizontal  t a i l s  on (high 
loca t ion)  and engine packs o f f .  

=0.45 . . . . . . . . . . . . . . . . . . . . . . . . .  
k ) A ~ = 7 2 ~  

Effec t  of loca t ion  of hor izonta l  t a i l s  on longi tudinal  aerodynamic 
c h a r a c t e r i s t i c s  of configuration with 15' of leading-edge sweep 
with engine packs o f f .  - 

= 0 . 4 5  . . . . . . . . . . . . . . . . . . . . . . . . .  
, ($$Am=72O 

Effec t  of wing leading-edge sweep angle on longi tudina l  aerodynamic 
c h a r a c t e r i s t i c s  of configuration with horizontal  t a i l s  (high 
loca t ion )  and engine packs on. 

= 0 . 3 0  . . . . . . . . . . . . . . . . . . . . . . . . .  

Effec t  of chord extension on longi tudina l  aerodynamic cha rac t e r i s t i c s  
of configurat ion with l 5 O  of leading-edge sweep and horizontal  t a i l s  
on (high loca t ion)  and engine packs o f f .  

=0.43 . . . . . . . . . . . . . . . . . . . . . . . . .  

Figure 
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Figure . 

I RESULTS AND DISCUSSION 

Comparison of experimental and computed variat<ion of l i f t - c u r v e  slope 
and longitudinal s t a b i l i t y  parameter with wing leading-edge sweep 
angle of configuration with horizontal  t a i l s  and engine packs o f f .  

=0.60 . . . . . . . . . . . . . . . . . . . . . . . . .  12 

= 0 . 4 5  . . . . . . . . . . . . . . . . . . . . . . . . .  13 
6 ) A L E = 7 2 0  

= 0 . 3 0  . . . . . . . . . . . . . . . . . . . . . . . . .  14 
(%)Au=72' 

Computed span-load d i s t r i b u t i o n  f o r  the wing alone, a t  various wing 
leading-edge sweep angles. 

=0.60 . . . . . . . . . . . . . . . . . . . . . . . . .  15 

= 0 . 4 5  . . . . . . . . . . . . . . . . . . . . . . . . .  16 

= 0 . 3 0  . . . . . . . . . . . . . . . . . . . . . . . . .  17 

The longitudinal aerodynamic c h a r a c t e r i s t i c s  f o r  t h e  wing-body combinations 
a r e  presented i n  f igures  2 t o  4 f o r  the  t h r e e  pivot  loca t ions  invest igated.  
These data  indicate  decreases i n  t h e  l e v e l  of longi tudina l  s t a b i l i t y  f o r  a l l  
sweep angles f o r  moderate angles of a t t a c k  and l i f t  c o e f f i c i e n t s .  
of the  s t a b i l i t y  decrease with lift coef f ic ien t  i s  dependent on both simulated 
pivot  locat ion and l e v e l  of longi tudinal  s t a b i l i t y  a t  zero l i f t  coef f ic ien t .  
It i s  t o  be noted t h a t  t h e  moment references used i n  t h e  data  of f igures  2 t o  4 
which varied f o r  the d i f f e r e n t  pivot  loca t ions  were chosen so  t h a t  t h e  low-sweep 
wings (Am = 15') were s t a b l e  a t  0.05c'. 

The degree 

In  order t o  i l l u s t r a t e  separa te ly  t h e  e f f e c t  of simulated pivot  loca t ion  
on t h e  var ia t ion  of longi tudina l  s t a b i l i t y  l e v e l  with wing-sweep angle, and t h e  
pitching-moment v a r i a t i o n  with l i f t  c o e f f i c i e n t ,  figures 5 and 6 have been pre- 
pared. As seen i n  f i g u r e  5, where t h e  low-sweep wings (Am = 15') have been 
adjusted t o  t h e  same s t a b i l i t y  l e v e l ,  t h e  more outboard t h e  pivot  loca t ion ,  t h e  
more favorable i s  the var ia t ion  i n  longi tudina l  s t a b i l i t y  l e v e l  with wing sweep. 
However, with regard t o  t h e  v a r i a t i o n  of p i tch ing  moment with l i f t  coef f ic ien t ,  
f igure  6 (data adjusted t o  a common s t a b i l i t y  l e v e l )  ind ica tes  t h a t  moving t h e  
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simulated pivot  l oca t ion  outboard causes the unstable break i n  t h e  pi tching-  
moment curve t o  occur a t  lower values of l i f t  coe f f i c i en t  and general ly  t o  be 
more severe. 
with sweep angle and t h e  pitching-moment var ia t ion  with l i f t  coe f f i c i en t  f o r  
t h e  present M planform wings are therefore  s imilar  t o  the  arrow-wing character-  
i s t i c s  of reference 4. 

The e f f e c t  of pivot  loca t ion  on t h e  aerodynamic-center va r i a t ion  

The e f f e c t  of t he  hor izonta l  t a i l  on the longi tudina l  aerodynamic character-  
i s t i c s  of t he  configuration with t h e  pivot  located a t  45 percent and 30 percent 
of t h e  sweptback wing semispan can be seen by comparing f igu re  3 with f igu re  7 
and f igu re  4 with f igu re  8. These data  ind ica te  t h a t  t h e  addi t ion of t h e  ho r i -  
zontal  t a i l s  i n  the  high loca t ion  had no appreciable e f f e c t  on the  l i f t  coef f i -  
c i en t  a t  which i n s t a b i l i t y  occurs or  on t h e  i n s t a b i l i t y  l e v e l  above t h i s  l i f t  
coe f f i c i en t .  L i t t l e  o r  no improvement i n  these cha rac t e r i s t i c s  r e s u l t s  from 
lowering t h e  t a i l s  t o  t h e  midhigh pos i t ion  as shown by f igu re  9. However, f o r  
t h i s  configuration t h e  hor izonta l  t a i l s  could be placed i n  a lower pos i t ion  than 
t h e  pos i t ions  invest igated without experiencing j e t - e f f lux  e f f e c t s .  If these  
t a i l s  had been placed i n  a lower pos i t ion ,  bene f i c i a l  e f f e c t s  on t h e  pi tching-  
moment va r i a t ion  with l i f t  coe f f i c i en t  could possibly have been obtained, as 
ind ica ted  by t h e  data of reference 7. 
were obtained during a t a i l -he igh t  inves t iga t ion  on a configuration incorporat ing 
a variable-sweep arrow wing. 
designed t o  incorporate hor izonta l  t a i l s  i n  pos i t ions  lower than those 
i nve s t i gat  e d . 

These data presented i n  t h i s  reference 

The fuselage of t h e  present  inves t iga t ion  w a s  not 

The e f f e c t  of t h e  engine packs on t h e  longi tudina l  s t a b i l i t y  cha rac t e r i s t i c s  
f o r  t h e  configuration with t h e  pivot  located a t  30 percent of t he  sweptback wing 
semispan can be seen by comparing f igu re  8 with f igu re  10. These data show t h a t  
t h e  addi t ion  of t he  engine packs produced a pos i t i ve  increment i n  the  p i tch ing  
moment a t  zero lift with e s s e n t i a l l y  no change i n  the  va r i a t ion  of p i tch ing  
moment with l i f t  coe f f i c i en t .  

The addi t ion  of a chord extension of about 30 percent of t he  l o c a l  wing 

chord t o  t h e  150 sweptback wing a t  = 0.65 t o  = 0.92 increased t h e  

lift coe f f i c i en t  a t  which pitch-up occurred from about 0.40 t o  0.80. 
f i g .  11.) 

b/2 b/2 
(See 

A comparison of t h e  experimental and computed va r i a t ions  of longi tudina l  
s t a b i l i t y  parameters with wing leading-edge sweep angle (computed by d i sc re t e  
vortex theory a s  presented i n  ref. 8) i s  shown f o r  t h e  th ree  pivot  loca t ions  i n  
figures 12 t o  14. 
O.O$ f o r  t h e  wing with 150 of leading-edge sweep. 
v a r i a t i o n  of longi tudina l  s t a b i l i t y  parameter 

sweep angle i s  accurately predicted by t h i s  method. 

The computed longi tudinal  s t a b i l i t y  has been adjusted t o  
These data show t h a t  t h e  

with wing leading-edge 
c q L  

A comparison of t h e  experimental and computed va r i a t ion  of l i f t - cu rve  slope 
with wing leading-edge sweep angle i s  a l so  shown on these  f igures .  These data  
i n d i c a t e  t h a t  t h e  method of reference 8, which i s  f o r  a wing alone, s l i g h t l y  
underestimates t h e  l i f t - c u r v e  slope f o r  a l l  p ivot  loca t ions  and wing-sweep posi-  
t i o n s .  This s l i g h t  difference between the  computed and experimental values i s  
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presumed a t t r i b u t a b l e  t o  body induction e f f e c t s  on the wing, f o r  which t h i s  
method of computation does not account. 

Inasmuch as t h e  span-load d i s t r i b u t i o n  i s  usefu l  i n  s t r u c t u r a l  ana lys i s ,  
the  span-load d is t r ibu t ions  from which t h e  l i f t - c u r v e  slopes and the longi tudinal  
s t a b i l i t y  parameters were obtained are included t o  allow for s t r u c t u r a l  or load 
ana lys i s .  
erence 8 are presented f o r  wing leading-edge sweep angles of l5', 30°, 50°, 
and 720 f o r  pivot  locat ions of 60 and 4'3 percent of the  sweptback wing semi- 
span i n  f igures 15 and 16, and f o r  wing leading-edge sweep angles of 15O, 30°, 
and 7 2 O  for  the  pivot located a t  30 percent of t h e  sweptback wing semispan i n  
f igure  17. 

The span-load d i s t r i b u t i o n s  which were computed by the  method of r e f -  

CONCLUSIONS 

An invest igat ion t o  determine t h e  e f f e c t  of pivot  locat ion on t h e  longi- 
t u d i n a l  aerodynamics of a variable-sweep wing having an M planform indicated 
the  following r e s u l t s :  

1. Moving t h e  pivot  locat ion outboard caused the  unstable break i n  t h e  
pitching-moment var ia t ion  with l i f t  coef f ic ien t  t o  occur a t  lower values of 
l i f t  coeff ic ient  and generally t o  be more severe. However, the  more outboard 
t h e  pivot  location, the more favorable w a s  t h e  var ia t ion  i n  longi tudinal  sta- 
b i l i t y  l e v e l  with wing sweep. 

2. The var ia t ions  of longi tudinal  s t a b i l i t y  with wing leading-edge sweep 
angle were accurately predicted by d i s c r e t e  vortex theory. 
mental l i f t -curve  slope w a s  s l i g h t l y  higher than estimated f o r  a l l  wing-sweep 
pos i t ions  and pivot locat ions.  

However, the  experi-  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley S ta t ion ,  Hampton, V a . ,  June 25,  1964. 
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Figure  17.- Computed span-load d i s t r ibu t ion  f o r  wing a lone ,  a t  various wing leading-edge sweep 
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